Pyranose oxidase was purified from the crude extract of basidiomycetous fungus No. 52 about 74-fold to a single protein band on polyaerylamide gel electrophoresis with an overall yield of 23 %. The molecular weight of the native enzyme was about 300,000 on gel filtration and 69,000 on SDSpolyacrylamide gel electrophoresis. Its isoelectric point was pH 6.3. The enzyme activity showed high stability over a wide pH range of 5.5-9.0 and below 50°C, and 60%of its initial activity remained even after heating at 70°C. The enzyme was inactivated by Ag+, Hg2+, and Cu2+. The enzyme contained FAD covalently bound to the protein and was a glycoprotein containing about 0.7% carbohydrate.
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Pyranose oxidase (PROD) (EC 1.1.3.10) is an enzyme which catalyzes the oxidation of glucose by molecular oxygen. PRODs from Coriolus versicolorl) and Polyporus obtusus2)
have been purified to homogeneity and characterized. From these properties it is recognized that PROD can be used for the measurement of glucose instead of glucose oxidase (GOD). In our previous paper,3) wereported on the glucose, and 40 munits of PRODin a total volume of 3.0ml. This method was used in the inhibition, optimum pH, and temperature studies, and that of the effects of NaCl or ethanol.
Protein assay. The protein concentration was measured by the absorbance at 280nm or by the method of Bradford4) with a Bio-Rad standard solution.
Polyacrylamide gel electrophoresis. Polyacrylamide disc gel electrophoresis was done by the method of Davis5} using 7.5% polyacrylamide gel with Tris-glycine buffer, pH 8.3. Electrophoresis was done at a constant current of 2 mMper column. SDS-polyacrylamide gel electrophoresis was done in 10.0% polyacrylamide gel by the method of King Isoelectricfocusing. The isoelectric point of the enzyme was measured as described by Winter and Karlson.9) The density gradient of the pH range of 3-10 contained 2% ampholyte. A sample of the enzyme (about 2.0mg), which had been dialyzed against 0.13m glycine, was put on the column after about half of the sucrose gradient had been formed. Electrofocusing was done at a constant current of 3mAat 4°C for 45hr. Two-ml fractions were collected, and the absorption at 280nm, pH, and enzyme activity of the fraction were measured.
Aminoacid analysis. Aminoacids were analyzed by the method ofSpackman et al. 10 ) with an amino acid analyzer (Kyowa Seimitsu K101-AS, Japan). The sample was dialyzed against 1 mMpotassium phosphate buffer (pH 7.0) and hydrolyzed at 1 10°C in 6n HC1 offinal concentration in evacuated, sealed tubes for 22, 44, and 70hr. Cysteine and cystine were measured as cysteic acid after performic acid oxidation of the sample by the method of Moore.11] Tryptophan was measured by amino acid analysis after hydrolysis of the protein in 3 n mercaptoethane sulfonic acid at 110°C for 24hr.12)
Carbohydrate analysis. Total carbohydrate content of the enzyme was estimated by the phenol-sulfuric acid method with mannose as the standard. 
Results
Purification of PROD All enzyme purification steps were done at 0-5°C. The buffer used throughout the purification was potassium phosphate buffer (pH 7.0).
Step 1. Preparation of cell-free extract.
Washed cells from 18 1 of culture broth were suspended in 0.05 m buffer and disrupted with a Dyno-mill disintegrator (W. A. Wachofen, Switzerland). The disrupted cells were centrifuged at 12,000xg for 20min and the supernatant was used as the cell-free extract.
Step 2. First HPA-75 column chromatography. After the cell-free extract was adjusted to pH 7.0 with NaOH, it was put on a HPA-75 anion exchange column (5 x40cm) (Mitsubishikasei Co., Ltd.) previously equilibrated with 0.05 m buffer. After the column was eluted with the same buffer, the active fractions were pooled and precipitated by the addition of ammoniumsulfate to 80%saturation.
The precipitate was dissolved in a minimal amount of 0.01 m buffer, followed by dialysis against the same buffer.
Step 3. Second HPA-75 column chromatography. The dialyzed solution was put on a column (4x40cm) of HPA-75 previously equilibrated with 0.01 m buffer. The column was washed with 0.02m buffer and then the enzyme was eluted with 0.05 mbuffer containing 0.05 m ammoniumsulfate. The active fractions were pooled.
Step 4. Phenyl-Sepharose CL-4B column chromatography. After the pooled enzyme solution was brought to 15%saturation with ammonium sulfate, the solution was put on a phenyl-Sepharose CL-4B column (3 x 40cm) equilibrated with 0.05 mbuffer containing ammonium sulfate at 15% saturation. The columnwas washedwith the same buffer and then the enzyme was eluted by lowering the ionic (B) SDS-polyacrylamide slab gel electrophoresis.
[a] The standard proteins used were: (1) soybean trypsin inhibitor (MK, 20,100), 15% to 0% in 0.05m buffer. The active fractions were collected and concentrated by ultra filtration.
Step J. Cellulofine GCL-2000 column chromatography. The concentrated enzyme so- The results of the enzyme was purification are summarized in 
Molecular weight and isoeleetrie point
The molecular weight of the purified enzyme was about 300,000 by gel filtration.
SDSpolyacrylamide gel elctrophoresis gave a single protein band corresponding to a molecular weight of 69,000 (Fig.  1) . These results suggested that the enzyme consists of identical subunits. The isoelectric point of the enzyme was found to be 6.3 by isoelectric focusing.
Absorption spectra The absorption spectra of the purified enzyme shows maxima at 278, 360, and 458nm. The addition of glucose or sodium hydrosulfite to the enzyme solution made the peak at 458 nm disappear (Fig. 2) . These spectral characteristics suggested that the enzyme is a flavoprotein.
Treatment of the enzyme in 5% trichloroacetic acid for lOmin at 100°C did not show any release of colored material in the soluble fraction. This showed the presence of a covalently bound flavin. The enzyme was digested by Pronase and then incubated with phosphodiesterase.13)
The released nucleotide was identified as AMPby HPLC. Therefore, the enzyme contained FADbut not FMN, which was covalently bound to the polypeptide chain.
A percent extinction coefficient of the purified enzyme, E1%at 280nm, was 12.4.
Effects of pH and temperature on the stability No loss of activity was observed in the pH range 5.5-9.0 on incubation for 30min at 50°C. Sixty-seven and 78% of its initial activity Whenthe enzymewas incubated at various temperatures for 30 min at pH 7.0, the enzyme of its initial activity remained even after heating at 60°C and 70°C, respectively (Fig. 3B) .
Effects of pH and temperature on the activity The enzyme showed maximumactivity in the pH range of 5.0-8.0 and at approximately 60°C (Fig. 4) .
Effects of chemical reagents and metal ions on the activity
The effects of metal ions and other compounds on the enzymeactivity were examined.
As shown in Table II , the activity was strongly inhibited by Ag+ and Hg2+, and weakly so by Cu2+, o-phenanthroline and 8-hydroxyquinoline.
Fe2+ stimulated the enzyme activity.
Substrate specificity
The enzyme activity toward various substrates was examined (Table III) The Kmvalue was 3.1 mMfor glucose.
Chemical composition
The amino acid composition of the enzyme Table IV . Amino Acid Composition of Pyranose Oxidase
The numbers of the amino acid residues were calculated by the molecular weight of the subunit of the enzyme, which was assumed to be 69,000.
Amino acid
Residues/subunit is shown in Table IV . It seemed that the enzyme had relatively high contents of lysine and proline.
The total carbohydrate content was about 0.7% with mannose as the standard.
Effects ofNaCl and ethanol on the activity The effects of NaCl and ethanol on PROD activity were examined. As shown in Fig. 5A , the enzyme activity was activated by NaCl up to 8%, and at higher NaCl concentrations it was slightly inhibited: 10% inhibition was observed at 20% NaCl. The enzyme from strain No. 52 was superior to the others in respect of heat stability and was more tolerant to high NaCl concentrations than Penicillium GOD.14) From these characteristics, this enzymeis considered to be advantageous for use in food industries, e.g.,
for an enzymatic assay of glucose.
